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THERAPY AND USE OF COMPOUNDS IN THERAPY (4) 

The present invention relates to therapy and the use of compounds in 
tlierapy. In particular, it relates to the treatment and prevention of 
endotoxin-mediated immune activation in acute and chronic heart faUure 
(CHF). ^ . 

Chronic heart failure is a heterogeneous syndrome with an overall adverse 
prognosis. It is a disease in which there is a failm:e to pump enough 
bloodaround the body to meet its needs. Two particular predictors of 
adverse prognosis are neurohormonal abnormalities (Packer (1992) J Am 
Coll Cardiol 20, 248-254) and the development of cachexia (Abel et al 
(1976) Arch Surg 111, 45-50). 

The syndrome of cardiac cachexia has been recognized for many centories 
(Katz et al (1962) Br Heart J 24, 257-264), but little is known about the 
mechanisms of the transition from heart failure to cardiac cachexia. Even 
the definition of cachexia and the characteristics of the cachectic patient 
are controversial. More than 30 years ago, the pathogenesis of cardiac 
cachexia was linked to dietary and metabolic factors (Pittman & Cohen 
(1964) New Eng J Med 271. 403-409). In 1990, Levine et al ((1990) Ney, 
EngJMed 323, 236-241) and subsequently others (McMurray et al (1991) 
Br Heart J 66, 356-358; Datka et al (1993) Br Heart J 70, 141-143) 
showed the TNF-a in plasma is increased in patients with severe heart 
failure and coexisting cardiac cachexia, as in other wasting disorders. The 
plasma concentrations of TNF-a partiy reflect the local tissue 
concentration, which is more closely related to muscle wasting (Tracey et 
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al (1990) J Clin Invest 86, 2014-2024). Cytokine activation is a potential 
causal mechanism for the development of cachexia. 



Cardiac cachectic patients suffer from loss of both muscle (ie protein 
5 reserves) and fat tissue (ie energy reserves), indicative of increased 
ratahnlism. An increased resting metabolic rate, regulated p rimarily by 
thyroid hormones (Himms-Hagen et al (1993) In: Grandier R. Stock, eds, 
Manunalian Thermogenesis, Chapman & Hall, London, UK) and 
catecholamines (Poehlman &. Danforth (1991) Am J Physiol 261, E233- 

10 E239), has been reported in CHF patients (Poehlman et al (1994) Ann 
Intern Med 121, 860-862). Cortisol, another catabolic hormone, is also 
increased in untreated severe congested heart failure patients (Anand et al 
(1989) Circulation 80, 299-305). Less is known about anabolic 
metabolism in heart failure. Anand et al ((1989) Circulation 80, 299-305) 

15 found hGH to be greatly mcreased (~1 0-fold) in untreated patients with 
severe heart failure. To date, these results have not been confirmed by 
others. Increased plasma insulin levels and insulin resistance occur in 
patients with CHF (Swan et al (1994) Eur Heart J 15, 1528-1532). 

20 The neurohormonal hypothesis (Packer (1992) J Am Coll Cardiol 20, 248- 
254) postulates that heart failure progresses because activated endogenous 
neurohormonal systems exert a deleterious effect on the heart and 
circulation. Several studies have found neurohormonal activation to be 
strongly related to mortality (Cohn et al (1984) New Eng J Med 311, 819- 

25 823; Swedberg et al (1990) Circulation 82, 1730-1736; Francis et al 
(1993) Circulation 87, (Suppl VI) VI-40 - VI-48) but different hormones 
correlate only weakly with each other (Swedberg et al (1990) Circulation 
82, 1730-1736). Norepinephrine and plasma renin activity were found not 
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,0 be related to peak oxygen consumpUoa (peak VO^ or LVEF (Francis et 
al (1993) Circulation 87, (Snppl VI) VI.40-VM8). Left ventricular 
fnnctioD. exercise capacity, clinical status, and sympathetic activation 
were independently related to the progression of CHF (Francis et al 
(1993) Circulation 87. (Suppl VI) V1-40-VM8). 

Anker et al (1997) Circulation 96. 526-534 describes a smdy of the 
hormonal changes and catabolic/anabolic imbalance in CHF and concludes 
that cachexia is more closely associated wift hormonal changes in CHF 
than conventional measures of the severity of CHF and suggests that the 
syndrome of heart failure progresses to cardiac cachexia if the normal 
metabolic balance between catabolism and anabolism is altered. 

Anker et al (1997) The Lancet 349, 1050-1053 suggests that the cachectic 
state is a strong independem risk factor for mortality in patients with 
CHF. 



Anker et al (1997) / Am Coll Cardiol 30. 997-1001 describes 
investigations of mmour necrosis factor (TNF) artd steroid metabolism rs 

V, CHF and concludes that there is an increase in TNF and its soluble 
receptor in CHF and that this increase is associated with a rise in the 
cortisol/DHEA (catabolic/anabolic) ratio. These changes correlate with 
body mass index and clinical severity of heart faUure, suggesting a 
possible etiological link. 

2, Anker et al (1997) An. J Cardiol 79, 1426-1430 suggests dia. a chronic 
endotoxin challenge may cause immune activation in CHF and indicates 
that patients with high soluble CD14 levels have markedly ix.creased levels 
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of TNF-a, soluble TNF receptors 1 and 2, and intracellular adhesion 
molecule- 1. 



Starr et al (1995) Direct action of endotoxin on cardiac muscle Shock 3(5), 
s "^80-384 suggest that endotoxin directly affects the contractil e response of 
cardiac muscle to calcium. 



Endotoxin is known to be the strongest biological stimulus for cytokine 
10 production, in particular for production of TNFa. A variety of 
pathophysiologic processes that directly or indirectly could contribute to 
deterioration of heart failure are influenced by immune activation, and 
specifically by TNFa: 

a) TNF is detrimental for endothelial function and peripheral blood flow. 
15 In the short term TNF can up-regulate LNOS (as is seen in sepsis) and 

thereby contribute to vasodilation, but chronically TNF may in particular 
down-regulate cNOS. We have found a strong inverse correlation 
between the levels of TNF and the peak leg blood flow response to 
ischaemia (r=-0.7, p<0,0001). Impaired peripheral blood flow is closely 
20 linked to exercise capacity in CHF patients - particularly in cachectic 
patients. 

b) Impaired peripheral blood flow is also an important conqjonent of the 
insulin resistance syndrome that we have shown to be present in CHF - 
insulin resistance appears to be a cause of energy depletion in the 

25 peripheral musculature. 

c) TNF has negative inotropic effects on the heart (Starr et al (1995) 
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SAoc* 3(5), 380-384. 

The tannune activation status in CHF ts closely linked to the hortnonal 
eataholic/anaboltc balance tn CHF patient. (Anker e, al (1997) . A. Coll 

Cardiol 30, 997-1001). . 
e) TNF is the strongest correlate of the degree of weigh, loss in cachecttc 

t i-LT patients. , — 

. TNF could trigger cell apoptosis - not only in the heart, but particularly 
also in the periphery. This could lead to tissue dysfunction, and finaUy to 
specific and/or general tissue wasting. General wasting is then closely 
related to impaired prognosis in CHF. 

Endotoxin (lipopolysaccharide; LPS) signaUing may be mediated through 
,he CD14 molecule, as discussed, for example, in Anker et al (1997) Am J 
Cardiol 79. 1426-1430. Wright (1991) Multiple receptors tor endotoxm 
Curr Opin /— ' 3, 83-90 and Ulevitch & Tobias (1995) Receptor- 
dependent mechanisms of cell stimuladon by bacterial endotoxin Ann Re. 
Immunol 13, 437-457. 



NO one has previously proposed that an agent ttat is able inhtb.t the 
ao response by a cell to endotoxin (lipopolysaccharide; LPS) be useful in the 
„;anagement of patients with either acute or chronic heart farlure. 

Through multiple pathways immune activation is detrimental for heart 
Mure we show here .ha. endotoxin is raised in oedematous compared ,o 
oon-oedematous heart faUure. and propose that inhibiting dre response by 
cells to endotoxin Gipopolysaccharide; LPS) may lead .o improved 
hnmune status, which could through multiple mechanisms improve the 
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prognosis and clinical stams of patients in the short and long term. 



A first aspect of the invention provides a method of treating, preventing or 
ameliorating chronic heart failure or acute heart failure in a patient the 
method comprising administering to the patient an effective amount of a 
compound that is able to inhibit the response by a cell to endotoxin (LPS). 



A second aspect of the invention provides a method of treating, preventing 
or ameliorating endotoxin-mediated immune activation in acute or chronic 
heart failure in a patient the method comprising administering to the 
patient an effective amount of a compound that is able to inhibit the 
response by a cell to endotoxin (LPS). 



The following classes of patients in particular may benefit from treatment 

1 . Patients with acute heart failure (decompensated chronic heart failm-e, 
myocardial infarction). 

2. Any decompensated heart failure patients with evidence of peripheral 
oedema. 

3. Patients with severe heart failure (NYHA class III or IV) or with 
cardiac cachexia. 

4. Stable CHF patients if any deterioration occurs, for example patients 
with a history of decompensation phases. 

It is preferred that the patient has peripheral and/or bowel oedema. 



09i 



09-03-99 15:04 
)3 -99 TUE 15:03 FAX 01159 552201 



ERIC POTTER CLARKSON 



©Oil 



Typically, in relation to the treatment of acute 
may be administered foUowing myocardial infarction. 



heart failure, the compound 



10 



Acute heart taiiure is xn^^l . - 
s„s of breaa. and oedema. I, is mos. frequenUy treated by adjust^g 
di>uetics. It wUl be appreciated that the methods of me invention n^y be 
used in conjunction with other treatments for acute or chrome heart 
Mure for example treamten. with diuretics. Thus, a fitr,her aspect of the 
invention is a method or nse of the invention (as described below) wherem 
a dinretic is administered to the patient. The diuretic may be admmtstered 
,0 the patient before, after or concurrently with the compound of the 
method or use of the invention. 



15 



20 



The compound may decrease the endotoxin (LPS) sensiuvity of, for 
example, immune system cells and thereby decrease d,e cytokme 
production by the.e cells, for example it may decrease the producuon of 
TNFa Thus the compound may be a compound known to act as an 
immune regulatory drug, for example a corticosteroid (steroidal antr- 
iuflammatory) or a leukotriene inhibitor. It is preferred that U>e 
„^pound acts directly on a cel. that is stimulated directly by endotoxm. 
It is further preferred that the compound acts to moduUte signaUing withm 
cell caused by endotoxin binding to or otherwise interacting w.fl. that 



a 
cell. 
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A further aspect of the invention provides a method of treating, preventing 
or ameliorating chronic heart failure or acute heart failure in a patient the 
method comprising administering to the patient an effective amoimt of a 
corticosteriod or an antibody able to bind tlie CD 14 receptor. 



A further aspect of the invention provides a method of treating, preventing 
or ameliorating endotoxin-mediated immune activation in acute or chronic 
heart failure in a patient the method comprising administering to the 
patient an effective amount of a corticosteriod or an antibody able to bind 
the CD 14 receptor. 



The compound may act to reduce the level of receptors through which 
endotoxm (LPS) acts, for example CD 14 receptors, for exan^le by 
reducing the formation of receptors, for example CD 14 receptors. Thus, 
the compound may interfere with the transcription or translation of the 
gene encoding the CD14 receptor. It may be an antisense compound, for 
example directed against the mRNA encoding the CD 14 receptor. The 
CD14 receptor sequence is reported in, for example, Ferrero E & Goyert 
SM (1988) Nucleotide sequence of the gene encoding the monocyte 
differentiation antigen. CD14. Nucleic Acids Res 16(9), 4173. Thus, the 
compound may inhibit signalling via the CD 14 receptor. 

Antisense oligonucleotides are single-stranded nucleic acid, which can 
specifically bind to a complementary nucleic acid sequence. By binding to 
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the appropriate target sequence, an RNA-RNA, a DNA-DNA, or RNA- 
DNA duplex is formed. These nucleic acids are often termed "antisense" 
because they are complementary to the sense or coding strand of the gene. 
Recently formation of a triple helix has proven possible where the 

s oligonucleotide is bound to a DNA duplex. It was found that 
oligonucleotides could recognise sequences in the maj or groove of the 
DNA double helix. A triple helix was formed thereby. This suggests that 
it is possible to synthesise a sequence-specific molecules which specifically 
bind double-stranded DNA via recognition of major groove hydrogen 

10 binding sites. 

By binding to the target nucleic .cii. the above oligonucleotides can 
inhibit the fiinction of the target nucleic acid. This could, for example, be 
a result of blocking the transcription, processing, poly(A)addition. 
replication, translation, or promoting inhibitory mechanisms of the cells, 
such as promoting RNA degradations. 



15 



Antisense oligonucleotides are prepared in the laboratory and then 
introduced into ceUs, for example by microinjecUon or uptake flrom the 

;o ceU culmre medium into the ceUs. or they are expressed in cells after 
„ansfection with piasmids or retroviruses or other vectors carrying an 
antisense gene. Antisense oligonucleotides were first discovered to mh.b.t 
viral replicadon or expression in cell culmre for Rous sarcoma vmas, 
vesicular stomautis virus, herpes simplex virus type 1. simian virus and 

25 influenza vims. Since then, inhibition of mRNA translation by anusense 
Oligonucleotides has been smdicd extensively in ceU-free systems 
including rabbit reticulocyte lysates and wheat genn extracts, tahibmon 
of viral function by antisense oligonucleotides has been demonstrated m 
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vitro using oligonucleotides which were complementary to the AIDS HIV 
retrovirus RNA (Goodchild, J. 1988 "Inhibition of Human 
Inmiunodeficiency Virus Replication by Antisense 
Oligodeoxynucleotides", Proc. Nail. Acad. Set. (USA) 85(15), 5507-11). 
The Goodchild study showed that oligonucleotides that were most effective 
were complementary to the poly(A) signa l; also effective were those 
targeted at the 5' end of the RNA, particularly the cap and 5' untranslated 
region, next to the primer binding site and at the primer binding site. The 
cap, 5' untranslated region, and poly(A) signal lie within the sequence 
repeated at the ends of retrovirus RNA (R region) and the oligonucleotides 
complementary to these may bind twice to the RNA. 



Oligonucleotides are subject to being degraded or inactivated by cellular 
endogenous nucleases. To counter this problem, it is possible to use 
modified oligonucleotides, eg having altered intemucleotide linkages, in 
which the naturally occurring phosphodiester linkages have been replaced 
with another linkage. For example, Agrawal et al (1988) Proc. Natl. Acad. 
Sci. USA 85. 7079-7083 showed increased inhibition in tissue culmre of 
HTV-l using oligonucleotide phosphoramidates and phosphorothioates. 
Sarin et al (1988) Proc. Natl. Acad. Sci. USA 85. 7448-7451 demonstrated 
increased inhibition of HIV-1 using oligonucleotide methylphosphonates, 
Agrawal et al (1989) Proc. Natl. Acad. Sci. USA 86, 7790-7794 showed 
inhibition of HIV-1 replication in both early-infected and chronically 
infected cell cultures, using nucleotide sequence-specific oligonucleotide 
phosphorothioates. Leither et al (1990) Proc. Natl. Acad. Sci. USA 87, 
3430-3434 report inhibition in tissue culmre of influenza virus replication by 
oligonucleotide phosphorothioates. 
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OUgonucleoUdes having artif.cial IMcages have been shown to be resistant 
to degradation in nvo. For example, Shaw « (1991) in Nucleic Acids 
Res 19 747-750, report ±at otherwise unmodified oligonucleotides become 
5 more resistant to nucleases in vivo when they are blocked a. the 3' end by 
..rtain capping structures and that uncapped oUgonudeot.de 
phosphorothioates are not degraded in vivo. 

A detaUed description of the H-phospbooate approach to synthesising 
,0 oligonucleoside pbosphorodiioates is provided in Agrawal and Tang (1990) 
Tetrahedron Letters 31. 7541-7544, the teachings of which are hereby 
incorporated herein by reference. Syntheses of oligonucleoside 
metltylphosphonates, phosphorodithioates, phosphoramidates, phosphate 
esters bridged phosphoramidates and bridge phosphoroflnoates are known 
in the art. See, for example, Agrawal and GoodchUd (1987) TetraHedrcn 
Letters 28 3539; Nielsen et al (1988) Tetrahedron Utters 29. 2911; Jager 
e, al (1988) Biochemistry 27, 7237; UznansB « al (1987) Tetrahedron 
Letters 28. 3401; Bannwartb (1988) Helv. Chim. Acta. 71, 1517; Crosstick 
and Vyle (1989) Tetrahedron Letters 30, 4693; Agrawal et al (1990) Proc. 
20 Natl Acad. Sci. USA 87. 1401-1405, the teachings of which are 
incorporated herein by reference. Other methods for symhesis or 
production also are possible. In a preferred embodiment the oligonuctot.de 
is a deoxyribonucleic acid (DNA). although ribonucleic acid (RNA) 
sequences may also be synthesised and applied. 

The oligonucleotides useful in d.e invention preferably are designed to resist 
degradation by endogenous nucleolytic en^es. Jn vivo degradation of 
oligonucleotides produces oligonucleotide breakdown products of reduced 
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length. Such breakdown products are more likely to engage in non-specific 
hybridization and are less likely to be effective, relative to their full-length 
counterparts. Thus, it is desirable to use oligonucleotides that are resistant 
to degradation in the body and which are able to reach the targeted cells. 
The present oligonucleotides can be rendered more resistant to degradation 
in vivo by substituting one or mo re internal artificial intemucleotide linkages 
for the native phosphodiester linkages, for example, by replacing phosphate 
with sulphur in the Imkage. Examples. of linkages that may be used include 
phosphorothioates, methylphosphonates, sulphone. sulphate, ketyl, 
phosphorodithioates, various phosphoramidates, phosphate esters, bridged 
phosphorothioates and bridged phosphoramidates. Such examples are 
illustrative, rather than limiting, since other intemucleotide linkages are 
known in the an. See, for example, Cohen, (1990) Trends in 
Biotechnology. The synthesis of oligonucleotides having one or more of 
±ese linkages substituted for the phosphodiester intemucleotide linkages is 
well known in the art, including synthetic pathways for producing 
oligonucleotides having mixed intemucleotide linkages. 



Oligonucleotides can be made resistant to extension by endogenous enzymes 
by "capping" or mcorporating similar groups on the 5' or 3' terminal 
nucleotides. A reagent for cappmg is commercially available as Amino- 
Link n™ from Applied BioSystems Inc. Foster City, CA. Methods for 
capping are described, for example, by Shaw et al (1991) Nucleic Acids 
Res. 19, 747-750 and Agrawal et al (1991) Proc. Natl. Acad. Set. USA 
88(17), 7595-7599, the teachings of which are hereby incorporated herein 
by reference. 
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A further method of makmg oligonucleotides resistant to nuclease attack is 
for them to be "self-stabUised" as described by Tang el al (1993) NucL 
Acids Res. 21, 2729-2735 incorporated herein by reference. Self-stabilised 
oligonucleotides have hairpin loop structures at theix 3' ends, and show 
increased resistance to degradation by snake venom phosphodiesterase, 
mvJA polymerase I and fetal bovine serum. The self-stabilised region of the 
Oligonucleotide" does not interfere in hybridization with complementary 
nucleic acids, and pharmacokinetic and stability studies in mice have shown 
increased in vivo persistence of self-stabilised oligonucleotides with respect 
10 to their linear counterparts. 

It is preferred that the antisense reagent is able to bind to nucleic acid 
encoding a receptor that mediates endotoxin (LPS) signalling, for example 
CD14. 



15 



The antisense compound rnay be administered systeorucaUy. The 
oligonucleotides also can be incorporated into an implantable device which 
when placed at the desired site, pennits oligonucleotides to be released 

.0 into the suiTounding locus. For example, implants made of biodegradable 
Materials such as polyanhydrides. polyorthoesters. polylactic acid and 
polyglycolic acid and copolymers thereof, collagen, and protein polymers, 
or non-biodegradable materials such as ethylenevinyl acetate (EVAc), 
polyvinyl acetate, ethylene vinyl alcohol, and derivatives thereof can be 

^ used to locally deliver the oligonucleotides. The oligonucleotides can be 
incorporated into the material as it is polymerised or solidified, using melt 
or solvent evaporation techniques, or mechanically mixed wi& the materral. 
In one embodiment, flte oligonucleotides are mixed into or applied onto 
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coatings for implantable devices such as dextran coated silica beads, stents, 
or catheters. 



The dose of oligonucleotides is dependent on the size of the oligonucleotides 
and the purpose for which is it administered. In general, the range is 
calculated based on the surface area o f tissue to be treated. The effective 
dose of oligonucleotide is somewhat dependent on the length and chemical 
composition of the oligonucleotide but is generally in the range of about 30 
to 3000 \xg per square centimetre of tissue surface area. 



The oligonucleotides may be administered to the patient systemically for 
both therapeutic and prophylactic purposes. The oligonucleotides may be 
administered by any effective method, for example, parenterally (eg 
intravenously, subcutaneously, intramuscularly) or by oral, nasal or other 
means which permit the oligonucleotides to access and circulate in die 
patient's bloodstream. Oligonucleotides administered systemically 
preferably are given in addition to locally administered oligonucleotides, but 
also have utility in the absence of local administration. A dosage in the 
range of from about 0.1 to about 10 grams per administration to an adult 
hirnian generally will be effective for this purpose. 



It will be appreciated that it may be desirable to target the antisense 
oligonucleotides to immune system cells, for example mononuclear 
phagocytes. This may be achieved by using antisense oligonucleotides 
which are in association with a molecule which selectively directs the 
antisense oligonucleotide to the immune system cells, for example 
mononuclear phagocytes. For example, the antisense oligonucleotide may 
be associated with an antibody or antibody like molecule which selectively 
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binds ^ aougen present on appropriate immune system ceUs. Such antigens 
are well known to those skilled in me art. By "associated with" we mean 
ttat the antisense oligonucleotide and die innnune ceU-d.recting entity are so 
associated that the mnnune celWirecting entity is able to direct the antisense 
oligonucleotide to the innnnne system ceUs. for mononuclear phagocytes. 

I, will be appreciated fliat antisense agents also include larger moiecuie. 
which bind to the receptor, for example CD14 mRNA or genes and 
substantially prevent expression of the receptor, for example CD14 mRNA 
or genes and substandally prevent expression of said receptor, for example 
CD14 protein. Thus, expression of an antisense molecule which .s 
substantiaUy complementary to the receptor, for example CD14 mRNA is 
envisaged as pan of the invemion. 

The said larger molecules may be expressed from any suitable genetic 
construe, as is described below and delivered to the patient. Typically, the 
geneUc construct which expresses the antisense molecule comprises at leas, 
a portion of me said receptor, for example CD14. mRNA or gene 
operatively linked to a promoter which can express the antisense molecule 
in the immune system ceU. Promoters that may be active in immune system 
ceUs for example mononuclear phagocytic ceUs wiU be known to those 
skilled in the art, and may include promoters for ubiquitously expressed, for 
example housekeeping genes. 

.5 Although the genetic construct can be DNA or RNA it is preferred if it is 
DNA. 
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Preferably, the genetic construct is adapted for delivery to a human cell. 



Means and methods of introducing a genetic construct into a cell in an 
animal body are known in the an. For example, the constructs of the 
invention may be introduced into the tumour cells by any convenient 
method, for example meth ods involving retroviruses, so that the construct 
is inserted into the genome of the tumour cell. For example, in Kuriyama 
et al (1991) Cell Siruc. and Func. 16, 503-510 purified retroviruses are 
administered. Retroviruses provide a potential means of selectively 
infecting cancer cells because they can only integrate into the genome of 
dividing cells; most normal cells surrounding cancers are in a quiescent, 
non-receptive stage of cell growth or, at least, are dividing much less 
rapidly than the tumour cells. Retroviral DNA constructs which encode 
said antisense agents may be made using methods well known in the art. 
To produce active retrovirus from such a construct it is usual to use an 
ecotropic psi2 packaging cell line grown in Dulbecco's modified Eagle's 
medium (DMEM) containing 10% foetal calf serum (FCS). Transfection 
of the cell line is conveniently by calcium phosphate co-precipitation, and 
stable transformants are selected by addition of G418 to a final 
concentration of 1 mg/ml (assuming the retroviral construct contains a 
neo^ gene). Independent colonies are isolated and expanded and the 
culmre supernatant removed, filtered through a 0.45 jim pore-size filter 
and stored at -70". For the introduction of die retrovirus into the tumour 
cells, it is convenient to inject directly retroviral supernatant to which 10 
pig/ml Polybrene has been added. For tumours exceeding 10 nmi in 
diameter it is appropriate to inject between 0. 1 ml and 1 ml of retroviral 
supernatant; preferably 0.5 ml. 
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Alternatively, as described in Culver e. at (1992) Science 256, 1550-1552, 
cells which produce retroviruses are ir.jec,ed irrto the tumour. The 
.etrovirus-producing cells so iutroduced are engineered to actively produce 
retroviral vector particles so that cominnous producdons of the vector 
neeurr ed within the tumour mass in situ. Thus, proliferating mmo.^ cells 
can be successfiUly transduced in vivo rf mixed wtm reuuvu^ 
producing cells. 

Targeted retroviruses are also available for use in the inverrtior.; for 
example, sequences conferring specific binding affinities may be 
engineered into preexisting viral env genes (see Miller & Vile (1995) 
Faseb J. 9. 190-199 for a review of this and other targeted vectors for 
gene therapy). 

other mefliods mvolve simple delivery of the construct mto the ceU for 
expression therein either for a limited time or. foUowing mtegration mto 
the genome, for a longer time. An example of the latter approach mdudes 

(preferably tumour-ceU-targeted) liposomes (Nassander et al (1992) 

Cancer Res. 52. 646-653). 

immunoliposomes (antibody^irected liposomes) are especially useM in 
.argeting to cancer ceU types which over-express a cell surface protem for 
which anubodies are avaUable. For Are preparation of hmnmro-liposomes 
MPB-PE (N-t4-(p-maleimidophenyl)butyryl]-phosphatidylethanolamine) ts 
synthesised according to the method of Martin & Papahadjopoulos (1982) 
J Biol Chem. 257. 286-288. MPB-PE is mcorporated into the liposomal 
bilayers to allow a covalent coupling of the antibody, or fragment thereof. 
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to the liposomal surface. The liposoine is conveniently loaded with the 
DNA or other genetic construct of the invention for delivery to the target 
cells, for example, by forming the said liposomes in a solution of the 
DNA or other genetic construct, followed by sequential extrusion through 
polycarbonate membrane filters with 0.6 ^ira and 0.2 }xm pore size under 
nitrogen pressures up to 0.8 MPa, After extrusion, entrapped DNA 
construct is separated from free DNA construct by ultracentrifiigation at 
80 000 X g for 45 min. Freshly prepared MPB-PE-liposomes in 
deoxygenaied buffer are mixed with freshly prepared antibody (or 
fragment thereof) and the coupling reactions are carried out in a nitrogen 
amiosphere at 4°C under constant end over end rotation overnight. The 
immunoliposomes are separated from unconjugated antibodies by 
ultracentrifiigation at 80 000 x g for 45 min. Immunoliposomes may be 
injected intraperitoneally or directly into the tumour. 



Other methods of delivery include adenoviruses carrying external DNA 
via an antibody-poly lysine bridge (see Curiel Prog. Med. Virol. 40, 1-18) 
and transferrin-polycation conjugates as carriers (Wagner et al (1990) 
Proc. Natl. Acad. ScL USA S7, 3410-3414). In the first of these methods 
a polycation-antibody complex is formed with the DNA construct or other 
genetic construct of the invention, wherein the antibody is specific for 
either wild-type adenovirus or a variant adenovirus in which a new epitope 
has been introduced which binds the antibody. The polycation moiety 
binds the DNA via electrostatic interactions with the phosphate backbone. 
The adenovirus, because it contains unaltered fibre and penton proteins, is 
internalised into the cell and carries into the cell with it the DNA construct 
of the invention. It is preferred if the polycation is polylysine. 
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The DNA may also be delivered by adenovirus ^vherein it is present 
within the adenovirus particle, for example, as described below. 

in tbe second of tbese -netbods, a high-efficiency nucleic acid delivery 
system t hat uses receptor-mediated endocytosis to carry DNA 
'^^^^eules into ceS^ is employed. ms is accomplished by 
conjuganng .be iron-transport protein transferrin to polycauons that bmd 
nucleic acids. Human transferrin, or the chicken homologue conalbumm. 
or combinations thereof is covalendy linked to the small DNA-binding 
protein protamine or to polylysines of various sizes through a d.sulfide 
linkage These modified transferrin molecules maintain their abmry to 
bind their cognate receptor and to mediate efficient iron transport into the 
cell The transferrin-polycation molecules form electrophoretically stable 
complexes with DNA constructs or other geneuc constructs of the 
invention mdependent of nucleic acid size (from short oUgonucleoudes to 
DNA of 21 kilobase pairs). When complexes of transferrin-polycanon 
^ the DNA constructs or other genettc constructs of the invention are 
supplied to the mmonr cells, a high level of expression from the cons^ct 
in the ceUs is expected. 

High^fficiency receptor-mediated delivery of dre DNA constructs or other 
genetic constructs of the invention using me endosome-dismption acuvtty 
of defective or chemically inactivated adenovirus particles produced by the 
methods of Gotten al (1992) Proc. ml. Aca,. Sci. USA 89. 6094-6098 
„ay also be used. This approach appears to rely on the fact that 
adenoviruses are adapted to allow release of meir DNA from an endosonre 
without passage through the lysosome. and in the presence of. for example 
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transferrin linked to the DNA construct or other genetic construct of the 
invention, the construct is taken up by the cell by the same route as the 
adenovirus particle. 



This approach has the advantages that there is no need to use complex 
retroviral constructs; th ere is no permanent modification of the genome as 
occurs with retroviral infection; and the targeted expression system is 
coupled with a targeted delivery system, thus reducing toxicity to other 
cell types. 



It will be appreciated that "naked DNA" and DNA con^lexed with 
cationic and neutral lipids may also be useful in introducing the DNA into 
cells of tlie patient to be treated. Non- viral approaches to gene therapy are 
described in Ledley (1995) Human Gene Therapy 6, 1129-1144. 

Alternative targeted delivery systems are also known such as the modified 
adenovirus system described in WO 94/10323 wherein, typically, the 
DNA is carried within the adenovirus, or adenovirus-like, particle. 
Michael et al (1995) Gene Therapy 2, 660-668 describes modification of 
adenovirus to add a cell-selective moiety into a fibre protein. Mutant 
adenoviruses which replicate selectively in p53-deficient human tumour 
cells, such as tiiose described in Bischoff et al (1996) Science 274, 373- 
376 are also useful for delivering the genetic construct of the invention to 
a cell. Thus, it will be appreciated that a fiirther aspect of the invention 
provides a virus or virus-like particle comprising a genetic construct of the 
invention. Other suitable viruses or virus-like particles include HSV, 
AAV, vaccinia and parvovirus. 
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In a iurther embodiment the agent which is able to inhibit the response by 
a cell to endotoxin (LPS) is a ribozyme capable of cleaving targeted 
xeceptoi, for example CD14, RNA or DNA. A gene expressing said 
5 ribozyme may be admmistered in subsuntially the same and nsmg 
substantially the same vehicles as fo r the antisense molecules. 



10 



15 



Ribozymes which may be encoded m toe genomes of d»e viruses or v>rus- 
particles herein disclosed are described in Cech arul Herschlag "S,te- 
specific cleavage of single s^anded DNA" US 5.180.818; Altman e. at 
-Cleavage of urgeted RNA by RNAse P" US 5.168.053. Canon « al 
-Ribozyme cleavage of HIV-1 RNA" US 5.149.796; Cech e. al "RNA 
ribozyme restriction endoribonudeases and methods", US 5.116,742. 
Been « al "RNA ribozyme polyn>erases, dephosphorylases. restriction 
endonucleases and methods". US 5.093.246; and Been « "RNA 
ribozyme polymerases, dephosphorylases. restriction endoribonucleases 
and methods; cleaves single-stranded RNA at specific s.te by 
transesterification", US 4,987,071. all incorporated herein by reference. 

It wUl be appreciated mat it may be desirable that the antisense molecule 
or ribozyme is expressed fiom a immune system cell-specific promoter 
element. 

The genetic constructs described above can be prepared using methods 
25 well known in the art. 

The compound may inhibit signalling vi. the receptor, for "ample the 
CD14 receptor. The compound may be an antibody that binds to CD14 
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and reduces its signalling activity. A suitable antibody may be described 
in US 5,730,980. 



It is preferred that the compound is able to substantially reduce the amount 
of immune mediators produced in response to the presence of endotoxin 



It will be appreciated that the compound administered to the patient may 
be a single chemical species, or it may be a mixmre of two or more 
chemical species. 



The compound may be administered to the patient in any suitable form or 
in any suitable way. The confound or a formulation thereof may be 
administered by any conventional method including oral and by injection 
(in particular, intravascular injection). The treatment may consist of a 
single dose or a plurality of doses over a period of time. 

Chronic use is suggested in any patient who is at increased risk of 
myocardial infarction (i.e. any patient with coronary artery disease - all at 
risk for acute heart failure) or in any patient with chronic hean failure (at 
risk for decompensation and cachexia development). 



While it is possible for the compound to be administered alone, it is 
preferable to present it as a pharmaceutical formulation, together with one 
or more acceptable carriers. The carrier (s) must be "acceptable" in the 



23 ^ 
sense of being compatible wifli the compound and not deleterious to the 
recipients thereof. 



10 



The fonnulations may conveniendy be presented in unit dosage fonn and 
^.v he prepared by any of the methods well known in the art of 



pharmacy Such methods include dte step of bringing into association the 
compound (active ingredient; for example a corticosteroid or an andbody 
capable of binding CDU) with dae carrier which constimtes one or more 
accessory ingredients. In general d>e formulations are prepared by 
unifomdy and intimately bringing into association the acdve ingredteo, 
wiUt liquid carriers or finely divided solid carriers or both, and then, tf 
necessary, shaping die product. 
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Formulations in accordance wifli the present invention suitable for oral 
adnrinistradoa may be presented as discrete units such as capsules, sachets 
or tablets, each containing a predetermined amomtt of die active 
mgredient; as a powder or granules; as a soludon or a su^ension in an 
aqueous liquid or a non-aqueous Uquid; or as an oil-in-water Uquid 
emulsion or a water-in-oil liquid emulsion. TTie active ingredient may also 
be present as a bolus elecmary or paste. 



A tablet may be made by compression or moulding, optionally widi one or 
more accessory ingredients. Compressed tablets may be prepared by 
compressing in a suitable machine die active ingredient in a free-flowing 
„ form such as a powdered or granules, optionally mixed wifl. a binder (eg 
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povidone, gelatin, hydroxypropylmethyl cellulose), lubricant, inert 
diluent, preservative, disintegrant (eg sodium starch glycollate, cross- 
linked povidone, cross-linked sodium carboxyniethyld cellulose), surface- 
active or dispersing agent. Moulded tablets may be made by moulding in 
a suitable machine a mixmre of the powdered compound moistened with 
an inert liquid diluent. The tablets may optionally be coated or scored and 



may be formulated so as to provide slow or controlled release of the active 
ingredient therein using, for example, hydroxypropybnethylcellulose in 
varying proportions to provide desired release profile. 



Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, 
buffers, bacteriostats and solutes which render the formation isotonic with 
the blood of the intended recipient; and aqueous and non-aqueous sterile 
suspensions which may include suspending agents and thickening agents. 
The formulations may be presented in unit-dose or multi-dose containers, 
for example sealed ampoules and vials, and may be stored in a freeze- 
dried (lyophilised) condition requiruig only the addition of the sterile 
liquid carrier, for example water for injections, immediately prior to use. 



20 



Extemporaneous injection solutions and suspensions may be prepared from 
sterile powders, granules and tablets of the kind previously described. 



25 ^ 
Preferred uni, dosage formulations are fl>ose containing a daily dose or 
unit. daUy sub-dose or an appropriate fraction thereof, of an acttve 
ingredient. 



,. ,Ho,„d be understood that in addition to me ingredients particularly 



^^i^^n^^^^vT^^^r^^-la^ionrof^^in^^ 
agents conventional in the art having regard to the type of fonnutetion m 
question, for example those suttable for oral administration .nay include 
flavouring agents. 



10 



It will be appreciated that intravascular administration may be particularly 
desirable in the treatment of acute heart failure, for example where there 
is a desire for a quicker onset of action. 
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A drird aspect of the invention provides use of a compound that ts able to 
ir^ibit the response by a cell to endotoxin (LPS) in flte manufacmre of a 
medicament for treating, preventing or ameliorating endotoxin-medtated 
uruuune activation in acute or chronic heart faUure in a patient. 
Preferences for the said compound are as set out above. 

A fourth aspect of the invention provides a pharmaceutical formulation 
comprising a compound as defined above and a diuretic. A further aspect 
of the invention provides a kit of parts useful in treating, preventing or 
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ameliorating acute or chronic heart failure comprising a compound as 
defined above and a diuretic. 



Suitable diuretics are known to those skilled in the art and are described, 
for example in Martindale The Extra Pharmacopoeia, 31" Edition. 



A fifth aspect of the invention provides any novel method of treating, 
preventing or ameliorating acute or chronic heart failure as herein 
disclosed. 

The invention will now be described by reference to the following 
Examples and Figures: 



Figure 1: Plasma levels of endotoxin, TNFa and soluble CD 14 in patients 
with chronic heart failure (CHF) with and without peripheral edema 
compared to healthy volunteers (mean ± standard error of the mean). 



Figure 2: Effect of intensified diuretic treatment on plasma endotoxin 
levels in 10 CHF patients with peripheral edema (box plot displaying the 
10*, 25*, SO'^ and 90'*' percentiles). 



Example 1: Endotoxin and Immune Activation in Chronic Heart 
Failure. 
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Summary 

S^U,n.un,: T.is study was designed to test the hypothests that 
eodotoxe^ia occurs durhtg the congestive phase of CHP. « 
activation in chronic hear, failure (CHF) patients may be secondary to 
5 endotoxin action. 



15 



Mea,ods- We smdied 20 CHF patients with recent onset of moderate to 
severe peripheral oedema secondary to cardiac congestion (age 64±2 y, 
NYHA class 3.3±0.1, mean±SEM) and compared mem to 20 stable 
,0 CHF patients (63 ±4 y. NYHA 2.6±0.2), and 14 healflty control subjects 
(55 ±4 y ANOVA p=0.28). Blood samples for endotoxin measurements 
(LAL test normal level <0.50 lU/mL) were collected in endotoxin free 
„bes Biochemical markers of endotoxemia and inflammation, several 
cytokines and cell membrane protems associated with immune activatton 
were also measured. Ten patient, were resmdied within 1 week of 
complete resolution of oedema (5 patients survived >6 months and were 
restudied again). 

Endotoxin levels were increased m oedematous CHF patients 
(0 74±0 10 lU/mL) as compared to stable CHF (0.37±0.05 lU/mL, 
p=0 0009) and controls (0.46±0.05 lU/mL. p=0.02); LPS bindmg 
protein (LBP) did not differ between groups. Compared to controls and 
stable CHF, oedematous CHF had highest levels of c-reactive protem 
(CRP ANOVA p<0.003), tnmor necrosis factor (TNF)-a (p<0.001). 
soluble (s) TNF receptor (-R)l (P<0.001), sTNF-R2 (p<0.01). 
in,crleuki„-6 (p<0.003). and sCDM (p<0.001). Endotoxin levels 
correlated with sCD14 (r=0,30, p<0.03). CRP levels correlated wtth 
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procalcitonin (r=0.74, p< 0.0001), TNF-a (r=0.50, p =0.001), TNF-Rl 

(r=0.67, p< 0.0001), and TNF-R2 (r=0.61, p< 0.0001). FACS 

analyses revealed similar CD4/8 ratios in all groups, despite significantly 

reduced CD4 (p<0.02) and elevated CD8/25 (p<0.05) in CHF-oederaa. 

Diuretic treatment with resolution of oedema resulted in normalisation of 
;i i iMMm^44- I. 1 n mini .n i^ ^ n /fg , o 

lU/mL, p<0.05), but cytokines remained elevated and LBP unchanged. 
After freedom of oedema > 3 months endotoxin levels remained stable 
and normal (p=0.45, n=5), and TNF-a had decreased (39.6±5.5 to 
31.0 + 2.5 pg/mL, p=0.079). 

Interpretation: Elevated levels of endotoxin and cytokines without a 
concomitant increase in LBP are found in CHF patients during an acute 
oedematous exacerbation. Elevated endotoxin levels are normalised by 
intensified diuretic treatment, whereas normalisation of TNF-a levels is 
delayed. These data provide evidence for a role of endotoxin as a 
potential cause of immune activation in patients with congestive heart 
failure. 

The results show that LPS is raised in oedematous CHF, but normal in 
non-oedematous heart failure patients. The increased LPS levels are 
linked to raised cytokine levels. Diuretic treatment reduces LPS levels. 
This suggests that oedema may causally be linked to elevated LPS levels. 
After treating the oedema, cytokine levels (TNF etc.) but also levels of 
soluble CD 14 (a marker of cell - LPS interaction) do not fall immediately. 
The cytokine levels fall only after a longer period of clinical stability. 
This suggests that LPS sensitivity may be abnormal in subjects after a 
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pbase of Clinical instability, .e. despite a "nonnar level of LPS the 

■ , • nnlcical cells is still intensive (sCDU is high) and 
interaction wiUi nninunological ceus IS b 

.,.o^.e production is scill increased. LPS binding prote. was 
increased in any patient group. 




be related .0 generalised body wasting (ie cardiac cachexia) [1.2]. 
Based on the finding of increased expression of tumor necrosis fac,or-a 
(TNF-a) in cardiac tissue of CHF patients tmdergoing heart 
.0 transplantation d.e faUing heart itself has been suggested as the cause of 
i^une activaUon [31. To date no link between a pathogenic process and 
cytokine activation in heart failure has been documented, either in pattents 
with heart failure or animal models. The precise stimulus for the 
increased cytokine production seen in CHF patients remains unknown. 
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we have previously suggested that bacteria, endotoxin, lipopolysacchar.de 
(LPS) contributes to immune activation in CHF [4]. Acute venous 
congestion could cause immune activation Wa several mechanisms. 
Regional hypoxia could facilitate the generation of oxygen free radKals 
and altered gut permeabUity may lead to bacterial or LPS translocation. 
Alternatively, lung infection may be present. These events may mcrease 
LPS plasma levels and trigger increased cytokine production. LPS ts 
bound by a setvm protein termed LPS binding protein (LBP) [5], and tt 
recently has been shown that the ratio of LPS to LBP is crucial for the 
tamunostimulatory effects of LPS [6]. LBP levels in .1.0 can vary 
substantially due to transcriptronal activation [7]. We have recently shown 
that high concentrations of LBP, as seen during dre acute phase response. 
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can completely block LPS effects in vitro and in a murine sepsis model 
[8]. Furthennore, in our previous study [4] patients with high soluble (s) 
CD 14 levels (indicative of endotoxin-cell interaction and shedding of 
CD 14 from the cell membrane [9]) showed markedly increased levels of 
5 TNF-a, sTNF receptor (R)-l and -2, and intercellular adhesion molecule- 




immune cells to produce cytokines [10]. 



In the present study, we measured endotoxin, LBP and sCD14 and related 
10 levels to markers of cellular and humoral immune activation in CHF 
patients and healthy volxmteers. Among CHF patients bowel wall oedema 
that could cause altered gut permeability and bacterial (ie endotoxin) 
translocation is most likely to occur ua patients with moderate to severe 
peripheral oedema. Thus, we compared patients with recent onset 
15 oedematous decompensation to stable non-oedematous CHF patients. In a 
subgroup of oedematous patients we assessed the effect of diuretic 
therapy, anticipating that such treatment would lead to a reduction of 
endotoxin. 

20 METHODS 

Fourteen healthy volunteers (age: 55+4 y) and 40 CHF patients (age: 63±3 
y, p=0.30) were studied prospectively. The aetiology of CHF was 
ischaemic in 27 patients and idiopathic dilated cardiomyopathy in 13 
patients. The diagnosis of CHF was based on symptomatic exercise 
25 intolerance, cardiomegaly, and documented left ventricular dysfunction 
(all patients had a left ventricular ejection fraction of less than 40%). No 
subject had clinical signs of infection, rheumatoid arthritis, or cancer. 
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Cardiac decompensarton ha. been associated with presence of bowel 
wall oedema secondary to venous congestion. We were not able to 
measure dtrecUy the degree of bowel wall oedema. The relationshtp 
between central haemodynamics and the patbophysiological alterations m 
CHF is weak [11.12]. In animal models there is a poor relationshrp 

divided patients according to the presence or absence of a reliable marker 
of acute venous congestion due to cardiac faUure. namely peripheral 
oedema. 



10 



Twenty CHF patients were clinically stable without evidence of peripheral 
oedema, and 20 patients presented with moderate to severe oedema to the 
outpatient clinic of the Royal Brompton Hospital in London. UK. The 
CHF patients were treated with diuretics (n=38), an angiotensin 
15 converting enzyme inhibitor (n=36), digoxin (n=14), aspirin (n=17), 
amiodarone (n=16) and nitrates (n=15) in varying combination. The 
clinical details of patients and controls are given in Table 1. Ten 
oedematous patients who lived close to our hospital (NYHA class IV: 5, 
class in: 5) were followed-up after treatment with increased doses of 
diuretics (increase of frusemide up to 120 mg/day. addition of 
bendrofluazide (2.5 or 3 mg od), and/or metolazone (5 or 10 mg od)). Of 
these patients three had to be admitted for 3 to 8 days for intravenous 
diuretic treatment. After 23±8 days these patients were restudied within 
1 week after complete resolution of oedema (NYHA class after treamient: 
HI - 6, 11 - 4; weight loss: 3.6±0.3 kg [range 2.5 to 5.0 kg]). Five 
patient^ regained clinical stability (NYHA class: IH - 1, H - 4) and were 
restudied again 14 to 32 weeks (mean 21±3 weeks) after the initial 



20 



25 



-il^ ^'-■'^ io:j.u t-AJL UiloS 552201 



ERIC POTTER CLARKSON 



IS 036 - 



32 



investigation when they had been free of peripheral oedema for more then 
3 months. The remaining 5 patients did not reach a longer-term stable 
clinical state again and died 2 to 8 months after the initial investigation 
without having been restudied. The research protocol was approved by 
the ethics committee of the Royal Brompton Hospital, and all patients and 
controls gave written informed consent. 



Blood samples. Blood samples were collected on presentation in the 
outpatient clinic after supine rest for at least 15 min. An antecubital 

10 polyethylene catheter was inserted and 8 mL of venous blood were drawn 
into endotoxin free tubes (Endo Tube ET ®, Chromogenix AB, Sweden), 
and 30 mL of standard venous samples were taken for biochemical and 
cytokine measurements. After immediate centriftigation endotubes and 
plasma aliquots were stored at -80 °C until analysis. In addition, 5 mL 

15 EDTA blood was taken to perform fluorescence activated cell sorting 
(FACS) analysis. 

Assessment of etidotoxin. Levels of endotoxin were measured by using 
a commercially available kit (Limulus Amebocyte Lysate QCL-IQOO test 

20 kit, BioWhittaker Inc., WalkersvUle, USA). The normal level of 
endotoxin in this assay in healthy subjects is < 0.50 lU/mL. Endotoxin 
in the patient sample activates a protein in the Limulus amebocyte lysate, 
so that it possesses enzymatic activity. The activated enzyme catalyses the 
release of p-nitroaniline from a short synthetic peptide; p-nitroardline can 

25 be detected by acidification with acetic acid, and measuring absorbance at 
410 mn (sensitivity 0.03 lU/mL). The coefficient of variance for the LPS 
reproducibility with the LAL test kit is < 10%. 
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CyloUne and other analyses. LBP-levels were de.ermincd by an ELISA 
ass.y as descobcd previously [14]. Total tumor necrosis factor (TNF)-a 
5 was measured with an ELISA test kit from Medgenix (Heurus. Belgium; 
sensitivity 3.0 pg/mL; .est not influeneed by soluble TNP receptors) 
iohiJle TNF receptors 1 (sTNF-Rl; sensitivity 25 pg/mL;. sir- " 
(sensitivity 2 pg/mL), and in.erleukin-6 (IL^; sensitivity 0.0094 pg/mL. 
all kits- R&D Systems, Minneapolis, MN, USA), and sCD14 (IBL, 
,0 Hamburg. Gem^ny) were assessed by ELISA. Plasma procalcitonin 
(PCT) levels were measured by an immunoluminometric assay nsmg two 
inonoclonal antibodies OSRAHMS, Berlin, Germany) [15.16]. The 
normal level of PCT in this assay in healthy subjects is < 0.6 ng/ml. 

FACS analysis. Whole blood samples were supplied for analysis in K- 
EDTA mbes (Vacutaner Systems. Falcon BD Orford UK) and stained 
with fluorescenfly labeled monoclonal antibodies (Coulter Elecn-onies, 
Luton UK) to determine peripheral lymphocyte phenotype and the 
proportion of CD25 receptor (CD25R) positive T cells. Briefly, a staining 
excess of antibody, determined by titration (data not shown), was 
aliquoted into 12 x 75 mm polypropylene mbes (Elkay. Hampshire UK). 
Two tubes were analysed for each patient sample pomt. The first 
contained control monoclonal mouse anti-human antibodies isotipically 
matched n> the test antibodies in the second mbe. The antibody- 

J » r-m pr^ CD4-FITC, CD8-ECD, 
25 flurochrome conjugates used were CD3-PC5, rixv,., 

CD25R-RD1. The Immunoprep formic acid lysed whole blood protocol 
was used in the multi-Q-prep (Coulter Electronics. Luton, UK). 
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Lymphocyte gating was set on forward versus side scatter dot plot and 
compensation established by combining single colour stained leukocyte 
populations. Four colour flow cytometric analysis was performed on the 
Coulter XL-MCL employing System II software. 



Kolmogorow Smirnov test. Unpaired Student's t-test, paired t-test, 
ANOVA witii Fisher's post hoc test, and Mann-Whimey U test were used 
where appropriate. Data are presented as mean + standard error of the 
mean. We also performed univariate correlation analyses to establish the 
relationship between variables. A probability value of p<0.05 was 
considered significant, 

RESULTS 

Baseline analyses. In Table 1 and 2 baseline clinical characteristic and 
humoral measurements are detailed. Between controls and stable-CHF 
patients only uric acid and aspartate aminotransferase levels were 
significantly different. Oedematous CHF patients had more severe disease 
and showed a variety of biochemical abnormalities. 

Endotoxin levels were highest in CHF patients with peripheral oedema 
(0.74+0.10 lU/mL) compared to CHF patients without oedema 
(0.37±0.05 lU/mL. p=0.0009), and controls (0.46±0.05 lU/mL, 
p=0.02) (Figure 1). Plasma levels of LBP were not statistically different 
between groups (stable CHF: 10.4±1.2 jig/mL, oedematous CHF: 
12.1±1.3 iig/mL. controls: 9.6±1.3 |ig/mL). but there was an elevated 
LPS / log LBP ratio in the CHF patients with oedema (oedematous CHF: 
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0 75^11. Stable CHF: 0.44±0.07, controls: 0.54±0.05, ANOVA 
p=0 03 oedematous CHF vs stable CHF: p<0.01). In oedematous CHF 
patients levels were highest for CRP ( + 107% vs stable CHF, p<0.03; 
+ 252% vs controls, p<0.001), TNF-a (+42% vs stable CHF, 
p<0 001- +49% vs controls, p<0.001. Figure 1), sTNF-Rl (+78% vs 
.table CHF. p<0.006; +171% vs controls, p<0.0005). sTNFR^R2 

(+241% vs stable CHF. p<0.005; +635% vs controls. p<0.002) and 
SCD14 (+16% vs stable CHF, p<0.003; +23% vs controls, p<0.0003. 
Figure 1). A trend toward increased PCT levels in oedematous CHF 
patients was noted (ANOVA: p = 0.073). 

Analysing die data of all subjects, there were significant correlations of 
SCD14 widi endotoxin (r = 0.30, p=0.028), as weU as with TNF-a 
(r=0.36, p^^O.008). sTNF-Rl (r=0.46. p = 0.0005). and STNF-R2 
(r=0 38 p<0.009). CRP correlated with PCT (r =0.74, p< 0.0001). 
TNF-a (r=0.49. p=0.001). sTNF-Rl (r=0.67, p<0.0001), and sTNF- 
R2 (r=0 61 p<0.0001), but not with endotoxin (r=0.09. p=0.57). 
Furthermore', PCT correlated with sTNF-Rl (r^O.SO, p=0.0001) and 
STNF-R2 (r=0.53, p<0.0001), but not with TNF-a (r=0.25. p=0.07) 
and endotoxin (r=0-03, p=0.83). There were neither simple correlations 
of creatinine or urea plasma levels and LPS at baseline, nor of changes of 
markers of kidney function over time vs the changes of LPS or cytokine 
concentrations over time (data not shown). Thus a bias due to latent 
abnormalities of kidney function seen in some oedematous patients is 
unlikely. 
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FACS analyses. There was significantly less CD4 in oedematous CHF 
patients (35+6%) as compared to stable-CHF (51±4%, p<0.007) and 
healthy volunteers (47±2%, p<0.03), whereas CD4/25 (CHF-oedema 
10.6±3.3%, stable-CHF 5.5±0.7%, Con 6.7±1.1%, p>0.2), CDS (CHF- 
5 oedema 28+8%, stable-CHF 23±5%, Con 22±2%, p>0.2), and the 
CD4/8 ratio (CHF-oedema 2.6 +0.9%. stable-CHF 3.3±0.8%, Con 
2.5±0.3%, p>0.2) were not different between groups. CD8/25 was 
significantly higher in patients with CHF-oedema (11.6±4.0%) than in 
healdiy volunteers (4.7±0.6%, p<0.02), but not stable-CHF (8.7±1.6, 
10 p>0.2). 



Influence of diuretic treatment. Intensive diuretic treatment of CHF 
patients (n=^10) resulted in weight reduction of 3. 6 ±0.3 kg (range 2.5 to 
5.0 kg), and improvement of the functional NYHA class of 9 of the 10 

15 patients. In 8 of 10 patients a reduction of the endotoxin plasma 
concentration by 17 to 90% was observed (mean for all patients: -46%); 
the LPS levels fell from 0.84+0.16 to 0.45+0.07 lU/mL (n=10, 
p< 0.05; Figure 2). In 2 patients with normal levels at baseline, 
endotoxin levels were found at the upper end of the normal range after 

20 diuretic treatment, i.e. below 0.50 lU/mL (+9% and +36% compared to 
baseline). Diuretic treatment did not affect plasma levels of TNF-a 
(baseline: 39.9±4.2 pg/raL, after: 40.2+4.1 pg/mL), sTNF-Rl (baseline: 
2336±415 pg/mL, after: 2765±440 pg/mL), sTNF-R2 (baseline: 3751±378 
pg/mL. after: 4029±437 pg/mL). IL-6 (baseline: 19.4±7.3 pg/mL. after: 
25 18.3±7.6 pg/mL), sCD14 (baseline: 4474±70 ng/mL, after: 4430±241 
ng/mL). or LBP (baseline: 10.3±1.2 ng/mL. after: 12.7±2.4 tig/mL) 
compared to baseline (n=10, all p>0.20). During ftirther follow-up. 5 
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patients could be restudied when .hey had been free of oedenx. >3 
n.on.hs Endotoxin remained stable a. visit 3 (after 21 ±3 weeks: 
0 49±0 03 lU/mW cornpared to the second visit of these 5 patients (after 
19±7 days: 0.39±0.10 lU/mL, p=0.45), but TNF-<. decreased (visit 2: 
5 39.6±5.5 vs visit 3: 31.0±2.5 pg/mL, p=0.079). 



we have shown that endotoxin levels as well as pro-iiflanmiatory 
cytokines are elevated in patients with heart failure who have peripheral 
oedema. Elevated endotoxin levels were nonnalised by prolonged dinreuc 
,0 treatment. The endotoxemia in these patients was not associated with a 
strong acuta phase response that would have induced at. increased hepatic 
LBP synthesis and subsequent blocking of LPS-effects. These results 
support the suggestion fliat bacterial endotoxin may be an important 
stimulus of immune activation in patients with chrome heart faUure. 

The complex of endotoxin and endotoxin binding protein activates cells 
via the CD14 protein on die surface of mononuclear phagocytes 
stimulating the production of TNF-a and other cytokines [17.18]. 
Pievious smdies suggested that increased sCD14 levels might be related to 
30 endotoxemia [9], but this is .he first study to document directly the 
significant relationship benveen endotoxin and sCD14. Shedded and 
therefore soluble CD14 receptors are Uiought to reflect the amount of 
endotoxin - cell interaction over prolonged time intervals. In contrast, 
endotoxin itself has a short plasma half-life time (in die range of 10 to 30 
mm) This may explain why sCD14 levels are more closely related ^ ttie 
cytokine levels Uian endotoxin levels, as shown here and previously [4). 
PCT (procalcitonin) plasma levels have been suggested to be indicaave of 
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systemic bacterial infections and are less prominent in endotoxemia [16], 
although the mechanisms are not clear. This study showed only a trend 
for raised PCX levels in oederaatous CHF patients (ANOVA: p<0.08), 
and therefore only low grade bacteraemia, if at all, may be present. That 
conclusion is supported by results from FACS analysis, showing only 




Additionally, the levels of endotoxin observed in this study were well 
below those otherwise seen in septic shock [19]. The CHF patients 
studied here had no sign of active infection, and the moderate increase of 
plasma endotoxin levels is in keeping with the hypothesis of a 
translocation process. Possibly, it is endotoxin itself rather than bacteria 



which translocates. 



Although intensified diuretic therapy resulted in normalisation of 
endotoxin levels, treatment did not lead immediately to reduced cytokine 
plasma levels, which is in keeping with a previous study [20]. This may 
be due to a concentration effect due to the loss of up to 5 kg body water 
therefore concentrating plasma levels or due to prolonged activation of 
monocytes/macrophages following exposure to an endotoxin stimulus 
during a phase of clinical deterioration with increased venous congestion, 
ie "normalised" endotoxin levels may still cause increased cytokine 
production. Indeed, such an increased cellular LPS sensitivity has 
recenUy been documented for CHF patients with acute decompensation 
[21], and increased TNF-a releases at baseline and after endotoxin 
stimulation have recently been found in cardiomyocytes from cardiac 
transplantation recipients, particularly for those with heart failure of 
ischaemic aetiology [22]. Also the previously documented raised TNF-a 
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„ve,s in card.ac .ssue of end-s.ge CHF pa.en« C31 may be due to 
.ardiomyocy^s or tissue mouocytes producing increased amounts of 
cytokines upon stimulation by LPS, either because these patients we 
decompensated or because the cardiomyocy.es were hypersensitive. After 
a prolonged phase of clinical stabUity TNF-a ^^^^^^^^ 
strong _ 

relative cytokine secretion capacity may be a slow process. 

Tolerance of monocytes/macrophages to endotoxin can be induced both in 
„v« and in vitro by endotoxin itself, and for instance it frequently occurs 
after severe injury [23). One important mediator of LPS hyposensitiv.ty ts 
IL-10 [24) compared to controls, we previously found IL-10 to be lower 
in stable CHF patients [4]. Glucocorticoids are well known to be able to 
suppress LPS triggered immune activation [25). and for their general 
tanuno suppressive effects they are considered standard in the tream^ent 
of transplant patients. Nevertheless, glucocorticoids are under certaur 
circumstances also a prerequisite for an increased immune response [26]. 
In CHF patients we have recenUy shown d^t U>e cortisoyDHEA ratio is 
Closely related to the degree of unmune activation (27). This marker of 
^ catabolic/anaWic b^ance is highest in cachectic CHF paUent. [2], who 
also demonstrate pronounced hnmune activation [1,2]. Increased cardtac 
wall stress and tissue hypoxia (both vi. local free radical generation and 
subsequent stunulation of the nuclear factor-kappaB pathway [28]) and 
hormonal catabolic/anabolic imbalance may cause immunologtcal 
,5 hypersensitivity, and endotoxin may thus be an importam stimulus for 
cytokine production bodr in the heart and in the periphery. In vara 
.iready low levels of LPS have detrimental effects on cardiomyocytes 
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[29]. In vivo there may be a dynamic balance between heart function and 
immune activation in CHF patients [30]. Over time patients with frequent 
oedeniatous episodes may suffer most from the cardio-depressant [31,32] 
and metabolic [33,34] consequences of raised TNF-cc levels, arguing for a 
5 tight control of the fluid balance of CHF patients. 



In stable ambulatory patients Munger et al [35] have not been able to 
show a significant spill-over of cytokines from the heart, suggestmg that 
cardiac production could not be die main source of the raised peripheral 

10 cytokme plasma levels. Supporting the importance of peripheral hypoxia, 
recently measures of increased oxidative stress have been found to 
correlate with sTNFR-1/2 levels [36]. We have shown that post- 
ischaemic peak leg blood flow in clinically stable CHF patients is 
inversely related to TNF-a plasma levels [37]. This may be due to a 

15 relationship between hypoxia and TNF-a production, or alternatively due 
to toxic effects of TNF-a on endothelial ftmction [38]. Hypoxia per se 
may not be the most important cytokine trigger in CHF patients because of 
differences in the cytokine profile. Raised IL-6 plasma levels can be 
attributed to peripheral hypoxic conditions [39] that wiU certainly occur in 

20 CHF [40], but there is no report that hypoxia per se induces TNF-a, 
PCT, sTNF-Rl or sTNF-R2 [41]. Increased levels of soluble TNF-a 
receptors and particularly sCD14 are, in contrast, characteristic of 
endotoxin action, but not of hypoxic conditions [42]. 



25 CONCLUSION 

This smdy demonstrates the presence of raised plasma endotoxin 
concentrations in patients with CHF and peripheral oedema. In the 
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presence of unchanged levels of endotoxin binding protein this reflects a 
potentially pathogenic situation leading to cytoW induction. We show 
that normalisation of endotoxin levels can be achieved by intensified 
diuretic treamient. Bacterial endotoxin may be an important stimulus of 
5 immune activation in patients with chronic heart faUure. 
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Example 2: Experimental trials relating to the use of compounds able 
to inhibit the response by a cell to endotoxin (LPS) in treating chronic 
heart failure or acute heart failure. 

Invasive assessments looking for endotoxin levels in different locations in 
the body (left and right ventricle, hepatic vein, renal vein, peripheral vein 
and anery, coronary sinus) may be made in patients with decompensated 
CHF and myocardial infarction. 

This may help in confirming the source of the endotoxin. If endotoxin is 
highest in the hepatic vem this may indicate that the liver or more likely 
the bowel is the source of endotoxin (LPS). Further, if endotoxin is 
higher in the hepatic vein compared to the left ventricle the lung may be 
excluded as a source of endotoxin. 

Gut permeability assessments may be made using sugar absorption tests in 
patients with and without oedema and control subjects. The precise 
mechanism of endotoxin uptake through the bowel is not clear; sugar 
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absorption n.y reflect thrs pathway. However, .cidney dysfunction 
(frequent in heart failnre) may complicate interpretation of the results. 

, The relationship between endotoxin plasma levels and prognosts in 
oedematous and non-oedematous heart failure patients may be 
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CLAIMS 



1. A method of treating, preventing or ameliorating chronic heart 
failure or acute heart failure in a patient the method comprising 
administeri ng to the patient an effective amount of a compound that is able 
to inhibit the response by a cell to endotoxin (lipopoly saccharide; LPS). 



2. A method of treating, preventing or ameliorating endotoxin- 
mediated immune activation in acute or chronic heart failure in a patient 
the method comprising administering to the patient an effective amount of 
a compound that is able to inhibit the response by a cell to endotoxin 
(lipopolysaccharide; LPS). 



3. A method according to Claim 1 or 2 wherein the compound is able to 
decrease the cytokine production by a cell in response to endotoxin 
(lipopolysaccharide; LPS). 



4. A method according to any one of claims 1 to 3 wherein the compound 
is a corticosteroid. 



5. A method according to any one of claims 1 to 4 wherein the compound 
is able to inhibit signalling via the CD 14 receptor. 
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6. A method according to any one 
compound is administered orally. 



of the preceding claims wherein the 



„uf_ClQimG- 1. - tO-/^„ irhPTpin Thn 



compound is administered intravenously. 



8 Use of a compound that is able to inhibit the response by a ceU to 
endotoxin (lipopoly saccharide; LPS) in the manufacmre of a medicament 

,0 for treating, preventing or ameliorating chronic heart faUure or acute heart 
failure in a patient. 

9 Use of a compound that is able to inhibit the response by a ceU to 
endotoxin (lipopolysaccharide; LPS) in the manufacture of a medicament 

15 for treating, preventing or amelioratmg endotoxin-mediated mmiune 
activation m acute or chronic heart failure in a patient. 



20 



10. The use of claim 8 or claim 9 wherein the compound is a 
corticosteroid. 

1 1 A menod of treating, preventing or ameliorating chronic heart failure 
or acute heart faUnre in a patient the method comprising administering to 
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the patient an effective amount of a corticosteriod or an antibody able to 
bind the CD 14 receptor. 



12. A method of treating, preventing or ameliorating endotoxin-mediated 
5 immime activatio n in acute or chronic heart failure in a patient the method 
comprising administering to the patient an effective amoimt of a 
conicosteriod or an antibody able to bind the CD 14 receptor. 




13. The method or use of any of the preceding claims wherein a diuretic is 
10 administered to the patient. 



15 



14. A pharmaceutical formulation comprising a compoimd that is able 
to inhibit the response by a cell to endotoxin (lipopolysaccharide; LPS) 
and a diuretic. 



15. Any novel method of treating, preventing or ameliorating acute or 
chronic heart failure as herein disclosed. 



16. Any novel pharmaceutical composition as herein disclosed. 
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TuiT^oa of treating, prevent^g oi a^eUorating clonic 1^ faUu.e o. 

patient an effective amount of a compou 

response by a cell to endotoxin (lipopolysacchande; LPS). 



10 



15 



, method of treating, preventing ot ameliorating endotoxn.— 
June activation in acute or cHronic Heart failure in a pattent tUe me^ 
Zprising administering to the patient an effective amount of a compound 
r to In^lMt t.e response a eel, to endotoxin 

(lipopolysaccharide; LPS). 

,.e compound may be able to decrease tlte cytol^ne pioauc.ion by a ceU 
in response to endotoxin (lipopolysacchande; LPS). 
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Baseline 



CHF patients 
edematous 



after 
diuretic treatment 

CHF patients 
non-edematous 
for 1 week 
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